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                \begin{document}$$\tau $$\end{document}$ lepton plays an important role in the physics programme of the Large Hadron Collider (LHC). It is used to identify and measure electroweak and top quark production processes as well as in searches for new physics beyond the Standard Model. Since the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau $$\end{document}$ leptons decay before exiting the ATLAS detector volume, their polarisation can be measured.
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                \begin{document}$$P_{\tau }$$\end{document}$, is the asymmetry of the cross-section for positive ($\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} P_\tau = \frac{\sigma _+ - \sigma _-}{\sigma _+ + \sigma _-} \end{aligned}$$\end{document}$$for the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau ^{-}$$\end{document}$ lepton. It is a measure of the degree of parity violation in the interaction producing the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau $$\end{document}$ leptons and therefore it provides insight into the nature of its Lorentz structure. The positive (negative) helicity states and right-handed (left-handed) chiral states coincide in the relativistic limit assumed here.[1](#Fn1){ref-type="fn"} Due to nearly exact $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau $$\end{document}$ decays, the kinematic distributions for left-handed (right-handed) $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau ^{-}$$\end{document}$. Therefore, in this paper only one of the equivalent *CP* states is mentioned at a time with the other being implicitly assumed. Any possible differences are negligible for the measurement described in this paper.
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                \begin{document}$$Z\rightarrow \tau \tau $$\end{document}$ decays was first measured at LEP in electron--positron annihilation events at the *Z* boson pole. The experiments at LEP published the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau $$\end{document}$ polarisation was obtained in the combination of LEP results and presented in terms of the $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathcal {O}}(0.005)$$\end{document}$) corrections for the interference between the *Z* boson and photon propagators as well as for the pure photon contribution. The asymmetry value obtained in the combination is $\documentclass[12pt]{minimal}
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                \begin{document}$$A_{\tau } = 0.1439 \pm 0.0043$$\end{document}$ \[[@CR1]\].

The measurement presented in this paper provides a complementary constraint on the $\documentclass[12pt]{minimal}
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                \begin{document}$$Z/\gamma ^*$$\end{document}$ that are produced via a *qqZ* vertex in proton--proton collisions as the quark-electroweak couplings are involved. It is performed by analysing $\documentclass[12pt]{minimal}
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                \begin{document}$$Z/\gamma ^{*}\rightarrow \tau \tau $$\end{document}$ candidate events, while the hadronic decay serves as a spin analyser. The $\documentclass[12pt]{minimal}
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                \begin{document}$$qq\rightarrow Z\rightarrow \tau \tau $$\end{document}$ signal has been observed before by the ATLAS, CMS and LHCb collaborations \[[@CR6]--[@CR8]\]. Due to the abundance of background processes, strict requirements are applied to select a sufficiently pure sample of $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau $$\end{document}$ polarisation is measured in a fiducial region, which is defined at stable-particle level and very similar to the selected signal region. The polarisation is predicted by using simulated event samples produced with the [Alpgen]{.smallcaps} \[[@CR2]\] event generator interfaced with the [Pythia6]{.smallcaps} \[[@CR3]\] parton shower and hadronisation model. The $\documentclass[12pt]{minimal}
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                \begin{document}$$\sin ^2\theta _\text {W}^\text {eff}=0.23147$$\end{document}$ in the electroweak leading-order (LO) matrix element to simulate polarisation and spin correlations in the Tauola Universal Interface \[[@CR5]\]. The prediction in the fiducial region is $\documentclass[12pt]{minimal}
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The principal result presented in this paper is a measurement of the $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{Z/\gamma ^{*}}$$\end{document}$ and is determined by the interference between *Z* boson- and photon-mediated amplitudes. An inclusive measurement over a mass range around the *Z* boson pole is performed here, because the contributions slightly above and below the *Z* boson pole cannot be separated accurately. The $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s}=m_Z$$\end{document}$. The prediction by the [Alpgen]{.smallcaps} event generator interfaced with the [Pythia6]{.smallcaps} parton shower and hadronisation model and [Tauola]{.smallcaps} library for $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau $$\end{document}$ decays are assumed to follow the Standard Model expectations.
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This paper is structured as follows. In Sect. [2](#Sec2){ref-type="sec"} an overview of the ATLAS detector is presented. The event samples, which were recorded by ATLAS or simulated using the ATLAS simulation framework, are introduced in Sect. [3](#Sec3){ref-type="sec"}. The reconstruction and definition of physics objects is documented in Sect. [4](#Sec4){ref-type="sec"}. Section [5](#Sec5){ref-type="sec"} describes the selected signal region and the prediction of the polarisation in the fiducial region and in the mass-selected region. The $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau $$\end{document}$ polarisation observable is introduced in Sect. [6](#Sec6){ref-type="sec"}. The estimation of the background contributions in the selected signal region is documented in Sect. [7](#Sec7){ref-type="sec"}. Section [8](#Sec10){ref-type="sec"} describes the estimation of the experimental and theory systematic uncertainties. A description of the fit model used to extract the $\documentclass[12pt]{minimal}
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ATLAS detector {#Sec2}
==============

The ATLAS experiment \[[@CR10]\] at the LHC is a multi-purpose particle detector with a forward-backward symmetric cylindrical geometry and a near $\documentclass[12pt]{minimal}
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                \begin{document}$$6.0\hbox { T}\cdot \hbox {m}$$\end{document}$ across most of the detector. It includes a system of precision tracking chambers and fast detectors for triggering. A three-level trigger system is used to select events \[[@CR11]\]. The first-level trigger is implemented in hardware and uses a subset of the detector information to reduce the accepted rate to at most 75 kHz. This is followed by two software-based trigger levels that together reduce the accepted event rate to 400 Hz on average depending on the data-taking conditions during 2012.

Data and simulated event samples {#Sec3}
================================

The data sample was recorded by ATLAS in proton--proton collisions provided by the LHC at a centre-of-mass energy of $\documentclass[12pt]{minimal}
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The expected signal as well as several background processes are modelled using samples of simulated events. Signal ($\documentclass[12pt]{minimal}
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For studies of systematic uncertainties, an auxiliary sample of $\documentclass[12pt]{minimal}
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                \begin{document}$$Z/\gamma ^{*}\rightarrow \mu \mu $$\end{document}$ events. The response of the ATLAS detector was simulated \[[@CR32]\] using [Geant4]{.smallcaps} \[[@CR33]\]. Simulated events were overlaid with additional minimum-bias events generated with the [Pythia8]{.smallcaps} event generator to account for the effect of multiple interactions occurring in the same and neighbouring bunch crossings (pile-up). The simulated events were re-weighted such that the distribution of the average number of pile-up interactions per bunch crossing matches the observed spectrum in data. Finally, the simulated events were processed through the same reconstruction algorithms as the data.

Event reconstruction and object definitions {#Sec4}
===========================================

Electrons are reconstructed from energy clusters in the calorimeter which have a matching track in the inner detector. Electron candidates are considered if they satisfy 'loose' identification criteria \[[@CR34]\] and the requirements of $\documentclass[12pt]{minimal}
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Muon candidates are reconstructed from associated tracks in the inner detector and the muon spectrometer. They are required to satisfy 'loose' \[[@CR35]\] identification criteria as well as the requirements of $\documentclass[12pt]{minimal}
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In order to be selected, lepton candidates are required to have $\documentclass[12pt]{minimal}
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Jets are reconstructed \[[@CR36]\] with the anti-$\documentclass[12pt]{minimal}
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Event selection {#Sec5}
===============
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Background estimate {#Sec7}
===================

The signal topology can be mimicked by several background processes, which require different strategies for their estimation. The two largest background contributions arise from multijet and *W*+jets events. In multijet events both the lepton and $\documentclass[12pt]{minimal}
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Estimation of *W*+jets background {#Sec8}
---------------------------------

The *W*+jets background is estimated from a dedicated control region, which is defined by inverting the $\documentclass[12pt]{minimal}
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The normalisation of the *W*+jets contribution in the selected signal region is determined by multiplying the event yield predicted from simulation by the ratio of the *W*+jets event yields observed and predicted in the *W*+jets control region. The ratio is about 0.8 in both channels.

An uncertainty of 3% originates from the limited size of the simulated event samples and is considered as a systematic uncertainty.

Estimation of multijet background {#Sec9}
---------------------------------

The multijet background is estimated as follows. The shape of the $\documentclass[12pt]{minimal}
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Experimental uncertainties {#Sec11}
--------------------------

Experimental sources of uncertainty include trigger, object reconstruction and identification efficiencies, energy and momentum scales and resolutions, and the measurement of the integrated luminosity. They are described below in the order of importance.
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The TES and TER uncertainties are each considered separately for the hadronic and electromagnetic components. The TES uncertainty from the single-hadron response studies is also considered for the backgrounds, which are estimated from the simulation. Here, the contribution from $\documentclass[12pt]{minimal}
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The remaining experimental uncertainties, referred to as other uncertainties, have a minor effect on the final result:Trigger, reconstruction and identification of electrons and muons: The efficiencies for triggering, reconstructing, and identifying electrons and muons are measured in data using tag-and-probe techniques. Electron energy and muon momentum corrections and their uncertainties are evaluated by comparing the response in data and in the simulation \[[@CR34], [@CR35]\]. The simulated event samples are corrected for the differences.Tag-and-probe studies of $\documentclass[12pt]{minimal}
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Theory uncertainties {#Sec12}
--------------------

Theory uncertainties in the signal templates include uncertainties in the event-by-event calculation of the helicity in the signal sample using the [TauSpinner]{.smallcaps} algorithm, the choice of signal event generator and its parton shower simulation model, and the choice of PDFs.

The uncertainty related to the signal sample splitting with the [TauSpinner]{.smallcaps} algorithm is estimated by varying the relevant [TauSpinner]{.smallcaps} input parameters. These are the QCD factorisation and renormalisation scales, the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau $$\end{document}$ decay modelling. This may result in an additional uncertainty in the sample splitting. To assess this uncertainty, the polarisation obtained via the method described in Sect. [5](#Sec5){ref-type="sec"} is compared to the polarisation reported by the [TauSpinner]{.smallcaps} algorithm. The difference is considered as a systematic uncertainty. The two sources of signal sample splitting uncertainty have a similar impact. Based on these studies, the signal template variations that are caused by 1% migrations from the left-handed to right-handed signal subsamples and vice versa are considered and propagated through the analysis. The resulting uncertainties are referred to as signal sample splitting uncertainties.

The uncertainty related to the choice of event generator for the signal sample is estimated with the help of two auxiliary samples produced with the [Pythia8]{.smallcaps} event generator and with the [Powheg]{.smallcaps} event generator interfaced with the [Pythia8]{.smallcaps} hadronisation and $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau $$\end{document}$ decay modelling (see Table [1](#Tab1){ref-type="table"}). Because the latter was generated using the CT10 PDF set, it is reweighted to match the default one (CTEQ6L1) with the LHAPDF package \[[@CR47]\] to avoid double-counting of possible systematic effects. These two samples are used to obtain a set of event weights relative to the default [Alpgen]{.smallcaps} sample before any event selection with respect to the kinematics of $\documentclass[12pt]{minimal}
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The resulting uncertainties are among the leading ones in the analysis. Most of the impact arises from the uncertainties in the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau ^{\pm }\rightarrow h^{\pm }\pi ^{0}\nu $$\end{document}$ decays. The estimation of the uncertainties related to the event generator in the measurement of the polarisation in the fiducial region is performed in the same way as described above. The uncertainties are referred to as signal modelling uncertainties.

The parton shower simulation model uncertainty is estimated using an auxiliary signal sample produced with the [Alpgen]{.smallcaps} event generator interfaced the [Herwig]{.smallcaps} hadronisation modelling instead of the [Pythia6]{.smallcaps} hadronisation modelling as in the default sample. It is used to obtain a set of event weights relative to the default [Alpgen]{.smallcaps} sample before any event selection in the same way as for the uncertainties related to the event generator choice described above.

The impact of this systematic uncertainty, which is included in the other uncertainties category, on the final result is negligible.

The PDF-induced uncertainty is estimated by performing a reweighting of the signal sample using the LHAPDF package. The nominal PDF set CTEQ6L1 is reweighted to the following alternative LO PDF sets: NNPDF30$\documentclass[12pt]{minimal}
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                \begin{document}$$\_$$\end{document}$0118, MMHT2014LO68CL, and CT14LO. The uncertainties are estimated for all three alternative PDF sets and found to be largest for the CT14LO PDF set. The contribution of PDF uncertainties to the final polarisation uncertainty is small.

Fit model {#Sec13}
=========
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                \begin{document}$$t\bar{t} $$\end{document}$ background templates are normalised to the expected number of events for each background in the respective regions as described in Sect. [7](#Sec7){ref-type="sec"}. The multijet background is estimated in a simultaneous fit in the signal and same-sign regions with nuisance parameters common to the two regions per bin and channel to fit the content in each. The related uncertainties are referred to as multijet estimate uncertainties. For each channel the normalisation of the multijet background in the selected signal region relative to the same-sign region is scaled via a fixed normalisation parameter, $\documentclass[12pt]{minimal}
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A summary of the nuisance parameters related to systematic uncertainties can be found in Table [5](#Tab5){ref-type="table"}. All systematic uncertainties in the same-sign region are much smaller than the statistical uncertainties in the multijet estimate. They are thus negligible and omitted in the fit.Table 5Summary of nuisance parameters related to systematic uncertainties considered in the fits that extract the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau $$\end{document}$ polarisation when combining the two channels. The number of parameters in the 'Other' category is 36 (34) in the fit that extracts the polarisation in the mass-selected region (in the fiducial region)Source of uncertaintyNumber of parametersConstraintSteer variation ofMultijet estimate40NoneOne bin eachMC statistical40PoissonianOne bin eachModelling of signal process3GaussianShape and normalisation$\documentclass[12pt]{minimal}
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The statistical uncertainty associated with the finite size of the simulated event samples is accounted for with a variation of the Barlow--Beeston treatment \[[@CR50]\]. This results in one nuisance parameter per channel and bin. The related uncertainties are referred to as MC statistical uncertainties.

Further nuisance parameters are included to account for systematic variations of the template shape and normalisation estimated with the methods described in Sects. [7](#Sec7){ref-type="sec"} and [8](#Sec10){ref-type="sec"}. The systematic uncertainties are accounted for in the fit with variations of the individual nominal template histograms. These variations may change the overall normalisation of the histogram or may introduce bin-dependent shape differences. In either case, a single nuisance parameter interpolates between variations that correspond to the estimated $\documentclass[12pt]{minimal}
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                \begin{document}$$-1\sigma $$\end{document}$ uncertainties with a Gaussian constraint. The nuisance parameters may be correlated between normalisation and shape variations, between samples, regions, and channels.

The signal process modelling and PDF parameters control the variations introduced when changing the event generator or the PDF set, respectively. Three of the parameters related to $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau _\text {had} $$\end{document}$ identification uncertainties account for the systematic variation of the input variables that may significantly affect the modelling of the signal template shapes in the simulation. The remaining two $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau _\text {had} $$\end{document}$ identification parameters exclusively vary the normalisation of the signal and background templates according to the uncertainties estimated in the tag-and-probe studies from Ref. \[[@CR40]\]. The correlations of the normalisation and shape uncertainties are not known and the parameters are treated as uncorrelated. It was verified that the correlation assumed has a negligible effect on the overall uncertainty. One parameter controls each of the variations caused by migrations from the left-handed to right-handed signal subsamples and vice versa, accounting for the signal sample splitting uncertainties. The correlations of these parameters are also unknown. They are treated as uncorrelated. Their impact on the polarisation uncertainty would be reduced, if they were assumed to be fully correlated instead. One parameter controls each of the variations of the hadronic and electromagnetic components of the TES and TER in the signal templates. The remaining TES parameters account for the TES uncertainty in the backgrounds. One of them is dedicated to $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau _\text {had} $$\end{document}$ candidate. One *W*+jets shape parameter per channel accounts for the shape uncertainties described in Sect. [7.1](#Sec8){ref-type="sec"}.

The remaining systematic uncertainties are considered for their impact on the normalisation of each of the template histograms.

Most of them have a small impact on the templates, individually. In the signal region for each sample, the systematic uncertainties are ordered by decreasing amount of normalisation variation that they cause. Nuisance parameters are included until at least $\documentclass[12pt]{minimal}
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                \begin{document}$$95\%$$\end{document}$ of the sum of all normalisation uncertainties per sample is covered. It was verified that the remaining uncertainties would have a negligible impact, if considered.

The fit model was validated in detail using pseudo-experiments. It was verified that it correctly determines the polarisation when confronted with data samples that include polarisation values different from those found in the simulation. The bias was found negligible and the uncertainties determined by the fit were found accurate.
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Upsilon $$\end{document}$ distributions after the combined fit that extracts the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau $$\end{document}$ polarisation in the mass-selected region are shown in Fig. [5](#Fig5){ref-type="fig"}. The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \begin{document}$$\tau _\mu \textendash \tau _\text {had} $$\end{document}$ channels agree at a level of 1.4 standard deviations and are compatible. Only uncertainties that are uncorrelated between the channels are considered in this compatibility estimate. Apart from the statistical uncertainties, these are the uncertainties related to the finite size of the simulated event samples and those related to the multijet background estimate. Some of the nuisance parameters, which correspond to uncertainties that are specific to this analysis such as the uncertainties in the modelling of $\documentclass[12pt]{minimal}
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The impact of the different sources of uncertainty is summarised in Table [7](#Tab7){ref-type="table"}.

The uncertainty in a $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sin ^2\theta _\text {W}^\text {eff}$$\end{document}$ value extracted from this measurement would be approximately 15 times larger than that reached by the LEP experiments from $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau $$\end{document}$ polarisation \[[@CR1]\]. Therefore, and because additional studies would be required to correct for the *Z* boson and photon interference, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sin ^2\theta _\text {W}^\text {eff}$$\end{document}$ is not determined here.Fig. 5Post-fit $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Upsilon $$\end{document}$ distributions for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _e\textendash \tau _\text {had} $$\end{document}$ (left) and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mu \textendash \tau _\text {had} $$\end{document}$ (right) channels, and for the signal (top) and same-sign (bottom) regions for the fit that extracts the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau $$\end{document}$ polarisation in the mass-selected region of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$66<m_{Z/\gamma ^{*}}<116\hbox { GeV}$$\end{document}$ Fig. 6Likelihood profiles of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$P^\text {POI}_{\tau } $$\end{document}$ for the fits that extract the polarisation in the mass-selected region of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$66<m_{Z/\gamma ^{*}}<116\hbox { GeV}$$\end{document}$ (left) and in the fiducial region (right). The profiles are shown separately for the fits in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _e\textendash \tau _\text {had} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mu \textendash \tau _\text {had} $$\end{document}$ channels and for the combination Table 6Measured $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau $$\end{document}$ polarisation values and overall uncertainties in the mass-selected region of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$66<m_{Z/\gamma ^{*}}<116\hbox { GeV}$$\end{document}$ and in the fiducial regionChannel$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$P_\tau $$\end{document}$ in mass-selected region$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$P_\tau $$\end{document}$ in fiducial region$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _e\textendash \tau _\text {had} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-0.20\pm 0.02\;(\text {stat})\pm \;0.05\;(\text {syst})$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-0.33\pm 0.03\;(\text {stat})\pm \;0.05\;(\text {syst})$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mu \textendash \tau _\text {had} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-0.13\pm 0.02\;(\text {stat})\pm \;0.05\;(\text {syst})$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-0.26\pm 0.02\;(\text {stat})\pm \;0.05\;(\text {syst})$$\end{document}$Combination$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-0.14\pm 0.02\;(\text {stat})\pm \;0.04\;(\text {syst})$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-0.27\pm 0.02\;(\text {stat})\pm \;0.04\;(\text {syst})$$\end{document}$ Table 7Impact of the individual sources of uncertainty on the polarisation uncertainty $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma _{P_\tau }$$\end{document}$ in the combined fits that extract the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau $$\end{document}$ polarisation in the mass-selected region of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$66<m_{Z/\gamma ^{*}}<116\hbox { GeV}$$\end{document}$ and in the fiducial region. The total systematic uncertainty quoted is estimated from the total uncertainty and the statistical uncertaintySource of uncertainty$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma _{P_\tau }$$\end{document}$ in mass-selected region$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma _{P_\tau }$$\end{document}$ in fiducial regionModelling of signal process0.0260.022$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\text {had} $$\end{document}$ identification0.0200.024MC statistical0.0160.019Signal sample splitting0.0150.015TES and TER0.0150.019Multijet estimate0.0130.013PDF0.0070.005*W*+jets shape0.0020.003Other0.0080.003Total systematic uncertainty0.0400.039Statistical uncertainty0.0150.016

Conclusion {#Sec15}
==========
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